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Introduction
Therehasbeenmuchinterestof lateinthefieldofproteomics.Proteinsare
responsibleformuchofwhatgoesonwithinanorganismandcreatingamapofproteins
wouldprovidevaluablescientificinformation.Thisprocessis inherentlycomplexfora
numberofreasons.Theproteinswithinacellaretieddirectlytothecell'sfunctionand
will changeascellsage,areaffectedbydisease,oraresampledfromdifferentareasofan
organism.Thenumberofproteinswithinasinglesamplecannumberfromseveral
hundredupto10,0001.
If theproteinmake-upofhumanscanbedetermined,thismaybeofgreatimport
tothescientificandmedicalcommunity.Theroleproteinsplayinregulatingbiological
systemsmaybemorefullyunderstoodastheirexpressioniscorrelatedtoenvironmental
influences.Theabsenceorpresenceofaprotein,aswellasadecreaseorincreasein
expression,maybecloselymonitoredoncebaselinelevelshavebeenestablished.
Changesintheproteinsdetectedcanbemonitoredasadiseaseprogressesinorderto
establishearlydiagnosticmethods.Inorderforthistobefeasible,however,theremust
beaccurate,sensitiveandtime-efficientwaystoanalyzeproteins.
Onedimensionalseparationshavebeenusedsuccessfullyinmanydifferent
analyses,butarenotpowerfulenoughtoresolveacomplexproteinsampleinmany
cases.Inordertofullyseparatehesesamples,twoseparationtechniquesmustbe
coupledinwhatiscalledatwo-dimensional(2D)separation.Themainattractionsof2D
separationsareincreasedpeakcapacitiesandincreasedresolution.Peakcapacityisan
importantdescriptionofanyseparationasitgivesthenumberofpeaksthatwill fit inthe
separationframe,areaina2Dseparation.Peakcapacityisthenexpressedas2:
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Ll andL2arethelengthsofthetwosidesandA isthespotarea,whichisestimatedas
axb. As aandbaretheminimaldistancesbetweenspotcentersinthex andy
dimensions,thepeakcapacityofa2Dseparationisapproximatelyequaltotheproductof
theindividualpeakcapacities.Resolutionalsoincreasesina2Dseparationasfollows:3
Rw =JRj2 +R; (2)
whereRl andR2aretheresolutionsdeterminedforthetwodimensionsindependently.
Inordertomaximizepeakcapacityandresolutionthetwoseparationtechniques
mustbeorthogonal,sothatheyseparateamixturebasedontwodifferent
mechanismsl,2,3.If thisisnotthecase,anypeaksunresolvedinthefirstdimensionwill
remainsoattheendofthesecondimension.If twotechniquesarenotorthogonalnd
areusedanyway,theresultswill showaseriesofpeaksfallingonadiagonalwithinthe
separationspace.Similarly,whenthetwotechniquesareonlypartiallyorthogonal,that
is someaspectsoftheseparationmechanismsaresimilar,thenaportionofthepeakscan
beseentofallonadiagonalline.As longasonlyafewpeaksfollowthispatternthe2D
separationwouldstillbeconsideredsuccessful.
Two-dimensionalgelelectrophoresiswasoneofthefirst2Dtechniques
developed.Thesamplewassubjectedtoisoelectricfocusinginonedirectionandthen
analyzedbygelelectrophoresis2.Morerecentworkhasfocusedonliquidandcapillary
basedseparationsbecausetheyhaveimprovedrun-to-runreproducibilitl,sensitivityand
throughput1overgelelectrophoresis.Jorgensonhasshownthateffective2D separations
canbedonewithliquidchromatography(LC)andcapillaryzoneelectrophoresis
(CZE)5,6.Therehavealsobeenothercapillaryseparations,includingthosebasedon
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capillaryisoelectricfocusing(CIEF)andCZE,aswellasmicellarelectrokinetic
chromatography(MEKC)followedbyCZEorCIEF1.
Anotherdriveinchemicalnalysisistodecreaseboththesizeof instrumentation
andtheamountoftimeneededtoconductananalysis.A fieldthatrealizesthesegoalsis
thatofmicrofluidics,or"laponachip."Thefirstreportofaminiaturizedanalytical
devicecomposedofsiliconwasmade25yearsago,butitwasn'tuntilthe1990sthathe
ideaofmicrofluidicsreallybegantotakeoff7.Microfluidicseparationshaveseveral
advantagesoverlargertechniques.Byshrinkingtheanalysisdevice,systemsmay
becomeportable,requirefewerchemicalreagents,andbeabletoanalyzesmallersample
volumes8,9.Themicrofabricationfthesedevicesalsogreatlyreducesdeadvolume,
increasingefficiencyanddecreasinganalysistimelO.
In aseparationthatproducesdiscretecomponentzones,diffusionprocesseslead
toaGaussiandistributionofsample.Thestandarddeviation,(5,isthehalf-widthofthe
distributionatitsinflectionpointandisrelatedtotimethroughthefollowingequation2
(j =(2Dt)Yz (3)
whereD isthediffusioncoefficientandt istime.Fromthisitcanbeseenthata
decreasedanalysistimereducespeakwidth.Asresolutionis inverselyrelatedto(5,this
alsoimproves.
Shorterseparationdistancesalsoreducethermaldiffusion8.Thisis important
becausemanymicrofluidicseparationtechniquesapplyanelectricfield.Theelectric
fieldcausescurrenttopassthroughtheelectrolytebuffer,creatingheatfromthefrictional
dragofionicspecies2.ThisJouleheatingproducesaradialtemperaturegradientwithin
thecapillary,affectinglocale1ectroosmoticvelocityll. Thedisparitiesin velocityleadto
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enhancedmoleculardiffusionandpeakbroadening.Toavoidthis,theexcessheatmust
bedispersed,mostlythroughthecapillarywalls.Inamicrofluidicdevicethesurfacearea
tovolumeratioishigh,thustheeffectsofJouleheatingarereduced!.Therefore,the
higherseparationvoltagesneededtoseparatecomponentsovershorterdistancesmaybe
usedwithoutanincreaseindiffusion.
Microfluidicseparationshavebeenconductedusingmanytechniques.Versatility
comesfromthefactthatbothhydrodynamicandelectrokineticmethodscanbeusedto
movethemobilephasethroughthechannel.Furtherapplicationsinproteomicswill
involvetheadaptationf2Dseparationstothemicronscaleinordertocombinethe
benefitsofthetwokindsofseparations.A numberofresearchgroupshavealready
combinedtheadvantagesofmicrofluidicswiththegreaterseparationpowerofatwo-
dimensionalseparation.
Therearetwogeneraldesignsthatcanbeusedinamicrofluidic2Dseparation.In
theserialmethod,thefirstdimensionisrepeatedlysampledintothesecondimension.
Gottschlichetalusedopen-channelelectrochromatography(OCEC)andcapillary
electrophoresis(CE)toseparateatrypticdigestoff1-caseinonamicrofluidicdevice3.
TheRamseygroupshowedthatapeakcapacityof4200couldbeobtainedbycoupling
MEKC andCEtoanalyzeabovineserumalbumintrypticdigese2.Inordertopreserve
thefirstcolumn'sresolutionSandensureafaithfuldepictionofallthesample
components,apeakshouldbesampledfourtimesintothesecondimension13.
Whilemostworktodatehasbeendonecouplingtwoseparationmethodsserially,
therearealsoafewexamplesofseparationswithaparallelsecondimensionona
microfluidicdevice.Thistypeofseparationhastwomainadvantages.Theentirefirst
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dimensionissampled,sononeoftheinformationi adatapeakwill belost.Also,the
firstdimensionissampledallatonce,sothetimeforthetotalanalysismaybereduced.
Theparalleldevicesfabricatedconsistofasinglechannelasthefirstdimensionand
severalparallelchannelsinwhichtoconductthesecondimensionsimultaneously.The
devicefabricatedbyCheneta114israthercomplex,consistingof sixlayersof
po1ydimethy1si1oxane(PDMS).A paperbyBeckeretal.15describedamicrofluidic
devicewithonechannelforthefirstdimensionthatflowedinto500parallelchannelsfor
thesecondimension.
Thepurposeofthisstudyistoworktowardsdevelopinganewtypeof
microfluidicdevicefora2Dseparation.Thedevicesusinganumberofparallelchannels
produceamorecompletepictureofasamplethanaserial2Dseparation.Thegaps
betweenthechannelshowevercanleadtobandbroadeningassomeofthecomponents
havetotravelfurtherthanotherstoreachthechannel.Forthisreason,anew
microfluidicchipdesignhasbeen
proposedthatusesarectangular
sample
-JL
planaregiontoconductthesecond
buffer
separation.Theequipotentia11ines
havealreadybeenmodeledby
SIMION,andindicatethat
asillustratedinFigures1and2.
Figure1. Dispersionowingtonon-uniform
electricfields.Theblackbandsrepresenta
sampleplugmovingthroughtheplanar
regionwithincreasingtime.
dispersionisthisregionisexpected,
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Figure2. Modeloftheequipotentiallinesinamicrofluidicdevicewith(A)
twoelectrodesand(B)sixelectrodes.TheelectrodessimulatedbySIMION
areequivalenttothechannelsinamicrofluidicdevicewithappliedvoltages.
Theanalysismixturewill flowfromthesampletothewasteelectrode.The
electrodeslabeled1-4inB arechannelswithappliedvoltagestoevenoutthe
fieldlines.Electrodes1and2areheldat11V andthesamplelectrodeisat
10V. Electrodes3and4haveanappliedvoltageof-1V andthewaste
electrodeisheldat0V. Theequipotentialsurfacesareat0.5V increments.
BasedontheSIMIONmodelingshowninFigure2,theadditionofvoltagesnextothe
sampleregionmaydecreasethelateralbandbroadening.Theextentofthedispersionand
theuseofappliedvoltagestopreventthishavebeeninvestigated.
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Experimental
Reagents
Thephotoresistdeveloper,MicropositTMMFTM-319Developer,waspurchased
fromRohmandHaasElectronicMaterials(Marlborough,MA). Chromiumetchanttype
1020andbufferedoxideetchantwereacquiredfromTranseneCompany(Danvers,MA).
Hydrogenperoxide(30%)waspurchasedfromMallinckrodt(Hazelwood,MO) andthe
ammoniumhydroxidewasfromJ.T. Baker(Phillipsburg,NJ). Theepoxyusedtoattach
thereservoirswasEPO-TEK 353ND-T fromEpoxyTechnology(Billeria,MA). Both
therhodamineB andthesodiumtetraboratew reacquiredfromAldrich(St.Louis,MO).
SodiumhydroxideforcleaningwasobtainedfromFisherScientific(Fairlawn,NJ).
MicrochipFabrication
Thegeometryofthemicrofluidicdeviceusedis showninFigure3andthe
dimensionsaregiveninTable1.ThedesignwasdrawninAutoCADLT (Autodesk,San
Rafael,CA) andmadeintoapositivephotomaskofchromeonsoda-limeglassbyHTA
Photomask(SanJose,CA). ThepatternwastransferredtothesubstratebyUV flood
exposurefor21seconds.Thesubstrateconsistedofsodalimeglasscoatedwithalayer
ofchromeandalayerofphotoresistAZ 1500(Telic,SantaMonica,CA). Thistechnique
usedapositivephotoresist,wheretheUV lightcausedthephotoresistpolymeronthe
substrateodepolymerize.Theexposedsubstratewasthendevelopedandthechrome
etched.Channelswereetchedintheglassusingbufferedoxideetchandthenthewidth
anddepthmeasuredatseveralpointswiththeDektak32Profiler(VeecoInstruments,
Tucson,AZ). Holesweredrilledintotheendsofeachchannelwithasandblaster,after
whichtheremainingchromewasetchedoff. Standardwetbondingwasusedtoattach
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theglasspiecewiththechannelstoaflatpieceofsoda-limeglass.Theglasstobe
bondedwassonicatedinacleaningsolutionandthenhydrolyzedinahydrogenperoxide,
ammoniumhydroxide,andwatersolution(2:2:1)at70°C for15minutes.
A)
Buffer1 Sample Waste1
l~LU 2~IY
.
lD ~ 2D ~*
Buffer2
3.<:/2~4
B) sample1
~~2
buffer2 waste3
3dfl ~ 4
waste2
Figure3. Diagramofamicrofluidicdevicefortwo-dimensionalseparations.A) The
entirefabricatedchip.Thedashedlineattherightendoftheplanarseparationspace
indicatesthedetectionregion.B) A closeupofthehighlightedregionsofthedesign
showingthegeneralgeometry(notdrawntoscale).
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TableI. Chipdimensionsforthemicrofluidicdevicesfabricatedinthisstudy.
Dimensions(mm)
SmallerDesign LargerDesign
20x 6 30x 12
4.5 9
Planaregion(widthxheight)
Channelfromintersectiontoplanar
regIOn
Distancebetweenchannelcenters(see
figure3B)
Distancebetweenchannelsonendsof
planaregion
.05 0.1
1.5 1.5
Followingthehydrolysis,theglasswassonicatedinultrapurewaterforten
minutes.Thetwoglasspieceswereclampedtogetherandheatedat90°Cfor4minutes
tobond.Thechipswerethenleftintheovenforthreetofourhourstoremoveanywater
thatmightremain.Themicrofluidicdeviceswereannealedtogetherpermanentlyina
furnacewithatemperatureprogramthatrampedtoafinaltemperatureof500°C. Glass
reservoirs(1/4inchouterdiameter,1/8inchinnerdiameter,5/16inchheight)were
adheredtothechipateachholewithepoxy.Tocuretheepoxy,thechipswerebakedat
90°C for45minutesandat115°C for60minutes.Beforeuse,thechannelswere
flushedwith1M NaOHandwater.
ChipOperation
Samplesweremanipulatedlectrokineticallywithinthemicrofluidicdevice.A
programwritteninLabView(NationalInstruments,Austin,TX) wasusedtocontrolthe
voltagesattheelectrodes.Theprogramconsistedoftwoparts:injectionandsample
flow. Theinitialpartofthisprojectissimplylookingatbandbroadeningintheplanar
region,soonlythesampleflowwasusedinthefollowingwork.Thedesiredvoltage
levelsforthesampleandwastereservoirswereaddedtotheprogram,alongwithcontrols
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sothathesidepotentialscouldbeeasilyadjusted.Themaximumvoltage(300V) was
appliedtotheelectrodeplacedintothesamplereservoir.Theelectrodeinthewaste
reservoir(waste2)washeldatground(0V). Foruse,thechipwasfilledwitha10mM
sodiumboratebuffer.Thesample,1mMrhodamineB insodiumboratebuffer,was
placedintothesamplereservoirandtherestwerefilledwiththebuffer.
Forthefirstexperiment,electrodeswereplacedinthesamplereservoiratthetop
andthereservoirlabeledwaste2,atthebottom.Thelabviewprogramwasrunandthe
flowofthedyethroughtheplanaregionmonitored.In thesecondexperiment,
electrodeswerealsoplacedinreservoirs1,2,3,and4. Reservoirs3and4wereheldat
ground,thesameaswaste2. Thevoltagesatreservoirs1and2wereinitiallyheldathalf
themaximumvoltageappliedtothesample.Thevoltagesinthesidereservoirswere
thenheldat0.1,0.2,0.3,0.4,0.6,0.7,0.8,0.9,and1.0ofthemaximumvoltage.Ineach
case,dispersionofthedyebandintheplanaregionwasobserved.
Detection
TherhodamineB wasvisualizedusinganX-Cite120fluorescenceillumination
systemfromEXFO LifeSciencesGroup(Mississauga,Ontario,Canada).Thissystem
usesa120Wmetalhalidelampthatemitslightatseveralwavelengths.RhodamineB
absorbslightwithanabsorbancemaximumat552nm.Thelightemittedbyfluorescence
hasanemissionmaximumat588nm.Thefluorescingcompoundcanbeseenvisually
throughthemicroscopeobjectiveorimagedontoachargedcoupledevice(CCD)
camera.
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ResultsandDiscussion
ChipFabricationandProfiling
Thephotomaskcontainedfourdesigns,twoofthesmallerchipandtwoofthe
largerchip.All fourwereexposed,eveloped,andetched.Afteretching,thechannel
depthsandwidthswereprofiledforthetwosmalldesignsandoneofthelargerdesigns.
TheresultsofthisarepresentedinTableII.
TableII. Channelwidthsanddepthsprofiledatvariousplacesonthethree tched
designs.
Sampleinjectionchannel: width
depth
Dimensionofchannel(/lm)
Chip0I Chip02
41.73 42.81
14.51 14.56
Chip03
42.45
14.66
Channelleadingtowaste3: width
depth
43.44
14.68
42.09
14.48
42.09
14.54
Depthofthreechannels
enteringtheplanaregion
left
center
rigb.t
13.63
13.51
13.55
13.70
13.67
13.69
14.48
14.50
14.50
Severaldifferentareasoneachchipwereprofiledtogetaroughideaofhowconstantthe
etchingprocesswas,bothonasingledesignandfromdesigntodesign.Channelwidths
variedby1.7/lmbetweenlocationsonasinglechipandby1.4/lmbetweenthesame
spotonseparatechips.Someofthisvariationmayhaveoriginatedfromslight
differencesinthepositionofthecursorsusedtomeasurewidthintheProfilersoftware.
Channeldepthswerecalculatedautomaticallyb thesoftwareandagreedmoreclosely.
An interestingphenomenonccurredwherethethreechannelsenteredintotheplanar
regiononthesmallerdesigns.Here,thechanneldepthaveraged13.63/lmasopposedto
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theaveragedepthof 14.55!lmfor therestof thechannels.This largedifferenceonly
occurredwhenthethreechannelswere50!lm(centertocenter)apart,suggestingthathis
closeproximitysomehowaffectedtheetchingprocess.
Thechipswerebondedandthenannealed,howeverchip04becameunbonded
duringtheannealingprocessandsocouldnotbeused.Oncethereservoirswereglued
on,thechipswerecleanedwithNaOHandwater.Afterthisprocess,severalofthe
reservoirsonthechipscontainingthesmallerdesignletloose.Thisappearedtobea
resultofdriedsodiumhydroxidearoundthebasethatweakenedtheepoxy.New
reservoirswereattachedandthechipwasheatedtocuretheepoxy.Uponthesecond
heatingfluidwouldn'tmovethrougheitherchip.Theheatingprocessforsettingthe
epoxyincreasedthehydrophobicityoftheglass,makingitdifficultforthewatertowet
it. Whenthesodiumhydroxidesolutionfailedtobepulledthroughbyavacuum,
methanolwasattemptedwithoutsuccess.It ispossiblethatsaltshadprecipitatedfrom
theglass,effectivelycloggingthechip.
Thechipwiththelargerdesignwasthenused,eventhoughthedimensionswere
suspectedtobelessthanoptimum.Somebubblesformedinthelargeplanaregionwhen
areservoirwasallowedtogodry,buttheyweremostlyremovedbyacombinationof
differentsolvents(methanol,1:1mixtureofmethanolandwater)andvacuum.Anyair
bubblesremainedintheplanaregionwereatthefarend,awayfromthefirstdimension
channel,andwouldnotoverlyaffectheinitialexperiments.Also,whileit isdesirableto
storethechipsdrytoincreasetheirlifetime,itwasdifficultodryouttheentireplanar
regionsothatitcouldbeeasilyfilledagain.Therefore,chipswerefilledwithwaterand
coveredbetweenuses.
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CharacterizationofBandDispersion
In thefirstpartofthiswork,apotentialdifferenceof0.3kV wasappliedbetween
thesampleandwaste2reservoirs.Thisvoltagewasnotstrongenoughtodrawthedye
allthewayacrossthelargeplanaregion.Thevoltageinthesamplereservoirwas
increasedby0.1kV intervalsupto0.8kV. At thisvoltagethedyecouldbeseento
migrateallthewaydownthechip.Withoutanysupportingvoltageatthesidesofthe
minachannel,therhodamineB couldbeseentodiffusewidelythroughouttheplanar
region.It lackedadistinctband,buttherewasalargeregionthatfluoresced.Thisarea
spreadwellpasteitherofthesidechannels.
Voltagewasthenappliedtothesidechannels1through4. Whenthevoltageat
channels1and2waslessthan0.5ofthemaximumvoltage(0.4kV),thedispersionof
thedyewasnotlessened.Whenthevoltagewasathalfthemaximumvoltage,thenthe
bandcouldbeseentobesomewhatcontained.Thiswasnotastrongcontainmentand
didnotlastfarintotheplanaregion.Therewas,however,asmalldarkspotattheouter
edgeofeachsidechannel.Increasingthevoltageappliedtothesesidechannelsuptothe
maximumvoltageshowedanimprovementi decreasingbandbroadening.Whenthe
voltagesappliedto1,2,equaledthatappliedtothesamplechannel,thedyewas
containedtoanareathatdidnotextendpasthesidechannelsintheentrancer gion.No
imageswerecapturedasitwassomewhatdifficultotellhowwellthiswasworking.
Theprevioustesthadintroduceddyeintomuchofthefieldofvisionandsotheextentof
containmentcouldnotbediscerned.Thebandappearedtobroadenatashortdistance
fromthechannel'sexit,butthismayhavealsobeenduetodyealreadypresent.An
illustrationofthisisshowninFigure4.
17 372
Furthertestingis neededtodetennineatwhatpointtheelectricfieldsaren't
strongenough.Forbetterquality,thefirstvoltagesappliedtothesidechannelsshouldbe
highandthenslowlydecreasedtoseeatwhatpointcontainmentis lost.Unfortunately,at
thispointthechipbecamecloggedandnomoretestscouldbeconductedforthetime
being.Newmicrofluidicdevicesarecurrentlybeingfabricated,soresultshouldbe
obtainedbeforelong.
.Non-fluorescentarea
!!II Lightly fluorescentarea
D Highly fluorescentarea
Figure4. An illustrationofdyeflowestablishedwithintheplanaregionwhenthetwo
sidechannelsareheldatthesamevoltageasthesamplechannel.Theextentof
fluorescenceis indicatedbyshading.Whiletheboundariesbetweenthelightlyand
highlyfluorescentregionsareclearlydelineatedhere,theywerevaguerontheactual
chip.
Conclusions
Thefabricationofmicrofluidicdevicesisatechniquethatrequiresomeskill.
Thisskilltakestimeandpracticetodevelop,asthereareanumberoftricksthatmustbe
learnedalongtheway.It isalsooneofthemoreinvolvedprocessesthatneedstobe
done,andhastobecompletedbeforeanyexperimentscanbeconducted.Whilethere
wereinitialdifficultiesinfabricationtheywereeventuallyovercomeandchipswere
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produced.Thetimeit tookformakingtheexperimentaldevices,however,limitedthe
amountoftimeavailableinwhichtocollectdata.
Fromtheobservedbehaviorofthedye,itseemsasif thischipdesignshowsome
promiseventhoughtheextentcannotyetbeevaluated.Basedontheinitial
experiments,ithasbeenshownthatappliedpotentialsadjacenttothesampleflowwill
containbandbroadeningofthedye.However,theextenttowhichthiswill curb
dispersionisnotyetknown.Futureworktobedoneoverthenextfewmonthswill
determinehowwellthisdesignworksandhighlightthechangesthatmayneedtobe
madeforimprovement.
FutureWork
Thefirstthingthatneedstobeaccomplishedisthefabricationofmore
microfluidicdevices.Withouthese,workcannotprogress.Thisisalsonecessary,as
flowonthesmallerdesigneedstobedetermined.Thechipdesignwithsmaller
dimensionswill likelyworkbetter,asthedyewouldhaveashorterdistancetogoand
lesstimefordispersioni totheplanaregion.Theabove xperimentswill thenbe
repeatedonthelargechipanddoneonthesmallchipsoacomparisonmaybemade.
Onceflowintoandalongtheplanaregionhasbeenmorefullycharacterized,a
one-dimensionalseparationi theplanarportionofthemicrofluidicdevicewill be
conducted.Todothis,thesampleandwaste2channels,aswellastheregionbetween
them,will befilledwithasimplemixture.An electrokineticseparationwill thenbe
carriedoutbetweenbuffer2andwaste3(seeFigure3). Thesuccessofthisseparation
determinesthepaceatwhichprogresswillbemadetowardsthefulltwo-dimensional
separation.If theseparationdoesnotworkwell,itwouldbehopedthatsmall
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adjustmentstotheseparationconditionswouldbeallthatwasneededtoimprove
separationcapabilities.If thisisnotthecase,however,somealternatedevicedesigns
maybemodeled.Oncesuchpossibilityis
showninFigure5. Thefourchanneldesignis sample
'~ lJC2anotherattempttodecreasedispersionand
enhanceseparationcapabilities. buffer2 waste3
Thefinalstageoftheprojectisto ~J-
II
waste2conductatwo-dimensionalseparation the
microfluidicdevice.Thefeasibilityofthis
directlydependsonhowwellpartsoneand
Figure5. An alternatechipdesign
highlightingthearea
wherethesamplewill enterandexit
theplanaregiontwowork.Whilestartingwithasimple
mixture,apeptideseparation,andultimatelya
trypticdigestofaproteinwill beattempted.Forthefirstsetofexperiments,hetwo
dimensionswill bothbeCEo Whileof limitedanalyticaluse,thisis agoodstartingplace.
Thecohesionofthetwoseparationswill beexaminedandanymodificationseededwill
bemade.If theCE-CEseparationgoeswell,aCE-LC (MEKC)separationwill be
attemptedtotakeadvantageofthepotentialofatwo-dimensionalseparation.Thestartof
workonpartthreewill alsorequiresomeworkonintegratingasensitivedetectoratthe
endoftheplanaregion.Atthistime,samplesaredetectedbyaframetransferCCD
camera.Thiswill needtobeimprovedforsensitivityandprecisionif atrypticdigestis
tobecarriedout.
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